Strains of Bacillus thuringiensis are used to control pest insects in the orders Lepidoptera, Diptera, and Coleoptera. Because B. thuringiensis does not ordinarily cause epizootics among insects (6), we hypothesized that the association of B. thuringiensis and these insects may be serendipitous, or at least uncommon. Dulmage and Aizawa (6) have suggested that the normal habitat of B. thuringiensis is the soil.
Early attempts to isolate B. thuringiensis from the soil suggested that B. thuringiensis is almost nonexistent in that environment (4) . Our development of acetate selection to isolate B. thuringiensis from soil samples containing a highlevel background of other soil microbes, including other Bacillus spp. (18) , has shown otherwise. Other studies that have described the distribution of B. thuringiensis have concentrated on limited geographical areas. There have been efforts to isolate B. thuringiensis strains from soil samples in the United States (4), Japan (13) , and the Philippines (15) . In this study we examined soil samples from five continents (Africa, Asia, Europe, and North and South America) and their associated islands.
In any large-scale effort to isolate a species of bacteria, a method to distinguish isolates from one another is needed. Originally, B. thuringiensis strains were divided into subspecies or varieties based on their spectra of activity against insects and complementary biochemical tests (8) . As more strains of B. thuringiensis were isolated, this method was too cumbersome and a serological shorthand method based on biochemical profiles was developed (2) . For this study, serology was too cumbersome to identify thousands of isolates, so a rapid method based on biochemical tests was used (11) .
Before this study, most B. thuringiensis strains were isolated in association with insects (1, (5) (6) (7) (8) (9) (10) . If the range of insects that B. thuringiensis affects is to be extended, more diverse B. thuringiensis strains and endotoxins are needed. This search for genetic diversity and for insect control and evolutionary and ecological studies were the initial purposes of this study.
MATERIALS AND METHODS
Soil collection. Soil samples were collected by scraping off surface material with a sterile spatula and then obtaining a 10-g sample 2 to 5 cm below the surface. These samples were stored in sterile plastic bags at ambient temperature. Additionally, 200 site borings from several locations were obtained from a local engineering firm. We attempted to collect soil from locations that were as diverse as possible. Some of the areas sampled were high-altitude mountains, tropical jungles, temperate (18) .
Biochemical identification. When the isolates were placed on T3 dots, they were allowed to sporulate and were determined to have the B. thuringiensis biochemical profile. Putative B. thuringiensis colonies were screened by light microscopy for crystal morphology. Subdivisions within the B. thuringiensis species by biochemical type were also made at this time (11) . Fourteen biochemical tests were performed to identify isolates. For this study, only the results of the following four (the most relevant) biochemical tests are presented: esculin utilization, acid formation from salicin and sucrose, and lecithinase production (16) . This enabled us to divide the B. thuringiensis isolates into 16 biochemical types. The distribution of isolates in these groups was parallel to the distribution obtained by additional tests.
Toxicity. For qualitative toxicity testing, spore-crystal preparations were grown on T3 plates (18) . The spores and crystals from the agar were floated on 10 ml of sterile water. The suspension was stored in sterile scintillation vials until it was tested.
The activity of B. thuringiensis strains against insects of We started with seven biochemical tests (starch hydrolysis; urease production; mannose, sucrose, and salicin fermentation; esculin utilization; and lecithinase production) which gave 128 possible biochemical types. By eliminating the three least discriminating tests (starch hydrolysis, urease production, and mannose fermentation), we were able to devise a simplified system of 16 biochemical types (Table 2) which paralleled the distribution in the more complex scheme. These biochemical types were based on esculin, salicin, lecithinase, and sucrose tests, which were the most variable among B. thuringiensis isolates. When the results from the biochemical tests yielded a combination that had not been described, we chose not to name the type until further characterization was done. We refer to these new types by the numbers given in Table 2 . Toxicity and insect association. Of the 1,052 isolates tested for toxicity against insects in the order Lepidoptera, 424 (40.3%) showed toxicity. We defined toxicity as 100% mortality of an undiluted spore-crystal preparation. Of the 502 isolates that were tested for toxicity against mosquitoes, 114 (22.7%) showed toxicity. Only 26 isolates were toxic to both mosquitoes and lepidopteran insects.
Toxicity could not be predicted from the crystal morphology. In a soil sample obtained from Jackson, Wyo., 39 B. thuringiensis isolates which formed bipyramidal crystals were tested for toxicity against cabbage loopers. Thirty-five were found to be toxic. In another sample, from a Silver Spring, Md., park, 32 B. thuringiensis isolates which formed bipyramidal crystals were nontoxic when tested against Lepidoptera. For B. thuringiensis isolates which formed amorphous or irregular crystals, the same pattern was found. In a sample from a South Korean bean field, all 32 isolates were found to be toxic against mosquitoes; but 16 amorphous crystal formers from three samples in Iceland were found to be toxic to mosquitoes (4 isolates), Lepidoptera (1 isolate), or both (1 isolate). Ten isolates from these samples were not toxic to the insects tested. Of the 224 isolates of the biochemical type B. thuringiensis var. israelensis tested for toxicity, 145 formed bipyramidal crystals, 68 formed amorphous or irregular crystals, and 11 formed other types of crystals. A total of 68 bipyramidal crystal-forming isolates were toxic to Lepidoptera, 9 were toxic to Diptera, 7 were toxic to both, and 49 were nontoxic. A total of 45 of the amorphous crystal-forming isolates were toxic to Diptera, 7 were toxic to Lepidoptera, and 6 were nontoxic. All of the 11 other crystal formers were nontoxic.
Because B. thuringiensis has been considered an insect pathogen and most strains have been isolated in association with insects, we initially concentrated our sampling efforts in two opposite areas: soils that had intense insect activity and, conversely, soils that had little to no insect activity. Table 4 shows a comparison of B. thuringiensis isolates obtained from soils from two such different areas. From mountains in Nepal, which had no detectable insects, we isolated a higher fraction of B. thuringiensis from the total number of bacterial colonies examined (0.92) than from the bacterial colonies from Jamaica (0.15). The caves in Jamaica were infested with fleas, and lice with other arthropods (mites and ticks) were also present.
From soil samples collected in Argentina, we were able to Environmental distribution. Another way to group sample sites was by environments based on plant communities, independent of location ( Table 5 ). Three communities, beach, subterranean (including caves and borings), and desert (Nile Valley), were poor (B. thuringiensis index, <0.11) in the percentage of B. thuringiensis isolates recovered per the number of colonies examined. Beaches and subterranean samples were also low in the number of samples from which B. thuringiensis was recovered. These samples were also low in the total number of bacteria recovered. Sixty-eight of the samples taken from construction site borings contained no bacteria which formed colonies after acetate selection. 
